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Overview.

QThe role of identified particles.
A Final results from Au+Au collisions.

QThe d+Au and p+p run: Initial state and
how to disentangle cold vs. hot nuclear
matter effects.

d Comparisons: What remains the same,
what is different.

QA Cronin effect in d+Au.
d Conclusions.
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Production of particles in a dense medium.

PHENIX: PRL 91, 172301 (2003), nucl-ex/0305036 I —
. o B — _
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Production of particles in a dense medium.
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The Cronin Effect & Initial State

J.Cronin et al. Phys.Rev. D11, 3105(1975)

1 : P.B. ., Phys.Rev.Lett., 68,452(1992
Q Copious production of Straub et al., Phys.Rev.Lett., 68,452(1992)

hadrons in proton-nucleus 3 “é Y
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producing high-pT particles. S S ’* ! |

Q Suppression at small pT. e S

Q Explained by initial multiple P (GeV/<) Pr (GoV/c)
scattering.

A survey of theoretical models:
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The Cronin Effect & In1t1a1 State

J.Cronin et al. Phys.Rev. D11, 3105(1975)

Q Copious production of < ¥ 7 0-40% central
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Q Explained by initial multiple 0, (GeVic)
scattering.

A survey of theoretical models:
A.Accardi, hep-ph/0212148
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The Cronin Effect & Initial State

J.Cronin et al. Phys.Rev. D11, 3105(1975)

Q Copious production of
hadrons in proton-nucleus
collisions.

B dopa/d®py
Adopg/d?pr

R(pr) =

AQ R=1 in absence of nuclear
effects.

Q Bound nucleons “cooperate”
producing high-pT particles.
Q Suppression at small pT.

Q Explained by initial multiple
scattering.
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Why is it important to know
the size of the effect ?

Because:

A)Cronin.

B)Shadowing.
C)Saturation.

constitute the initial state
effects that provide the
reference for AutAu
calculations.

A survey of theoretical models:
A.Accardi, hep-ph/0212148



PHENIX RUNO3: the d+Au run

Q Time of Flight Particle
Identification.

0 Same techniques and
analyses in p+p,d+Au,
AutAu.

Q TOF resolution ~135ps
Qn/K< 2 GeV/c

West East

PHENIX High Resolution TOF

0 K/p<35GeV/c B Sl

Q Acceptance: A¢p=n/8 , % : B
An =0.7 é b S

0 14.3M Events, 30 cm P e N
vertex cut. £ o I

“k\/..//‘ i P |-. |':'-.| T .., i B [N I A R
EE“;}_P ,'7/\\ E NI*‘ FeIIX Matathlas 10 15 20 25 30 35 40 45Time5c?f Fligt?? [ns]SO




4

PHENIX RUNO3: the d+Au run

Q Time of Flight Particle
Identification.

0 Same techniques and
analyses in p+p,d+Au,
AutAu.

Q TOF resolution ~135ps

Qn/K< 2 GeV/c

Q K/p<35GeV/c

Q Acceptance: A¢p=n/8 ,
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vertex cut.
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Minimum Bias d+Au

0 Completely
different behavior

from central
AutAu.

Q Protons do not
cross the pions.

0 Remarkable
agreement with
neutral pions.

A Phenix measures
pions up to 10
orders of
magnitude.
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Minimum Bias d+Au

Q Completely
different behavior

from central
AutAu.

Q Protons do not
cross the pions.

0 Remarkable
agreement with
neutral pions.

O Phenix measures
pions up to 10
orders of
magnitude.
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Minimum Bias d+Au

Q Completely
different behavior

from central
AutAu.

Q Protons do not
cross the pions.

0 Remarkable
agreement with
neutral pions.

O Phenix measures
pions up to 10
orders of
magnitude.

Mark Harvey: Identified Charged Hadrons at Midrapidity in p+p collisions at RHIC.
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Centrality determination in d+Au

N B.D. Dlstrlbutlons used |n calculatlons
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Centrality determination in d+Au

Q BBCS (Au-side) response 210
scales with the number of g,
participants in the Au nucleus. & ,

g 10°
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Centrality determination in d+Au

Q BBCS (Au-side) response 2
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Antimatter over Matter Phenix beam pipe
the 200 GeV case

PHENIX p+p / d+Au PRELIMINARY
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Antimatter over Matter
the 200 GeV case
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Antimatter over Matter
the 200 GeV case P

PHENIX p+p / d+Au PRELIMINARY
p+p / d+Au / Au+Au Ns = 200 GeV
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Antimatter over Matter
the 200 GeV case

PHENIX p+p / d+Au PRELIMINARY
p+p / d+Au / Au+Au Ns = 200 GeV
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Antimatter over Matter
the 200 GeV case

PHENIX p+p / d+Au PRELIMINARY
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Antimatter over Matter
the 200 GeV case

PHENIX p+p / d+Au PRELIMINARY
p+p / d+Au / Au+Au Ns = 200 GeV
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Antimatter over Matter
the 200 GeV case

PHENIX p+p / d+Au PRELIMINARY
p+p / d+Au / Au+Au Ns = 200 GeV
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Q d+Auis
following

peripheral
AutAu.

Q ptpis lower.
O Notice:

Not Feed-down
corrected.

O Assumes that
A/p ratio is
similar in d+Au
and Aut+Au.

O Neutral pions
used to extend
the pt range.

Proton to Pion Ratio.
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Q d+Auis
following

peripheral
AutAu.

Q ptpis lower.
O Notice:

Not Feed-down
corrected.

O Assumes that
A/p ratio is
similar in d+Au
and Aut+Au.

O Neutral pions
used to extend
the pt range.

Proton to Pion Ratio.
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Proton to Pion Ratio.

PHENIX PRELIMINARY Au+Auld+Aulp+p s =200 GeV
2
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Proton to Pion Ratio.

PHENIX PRELIMINARY Au+Auld+Aulp+p s = 200 GeV
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Nuclear Modification from d+Au: Cronin

Yield (central )/ < N g (central ) >

Rep =

Yield (peripheral )/ < N o (peripheral ) >

Q Strikingly different

behavior in Au+Au and i

d+Au.

Q Clearly pion suppression
is a final state effect from
a new state of matter.

Q d+Au measurement
establishes once and for
all the initial state at
RHIC: shadowing,
Cronin, saturation
scenarios at y=0.
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Centrality dependence of Cronin.

Q Importance of
multiple centrality
classes.

Probing the response
of cold nuclear
matter with
increased number of
collisions.

Propagation of
quarks through the
color field of a
nucleus.
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Centrality dependence of Cronin.

Q Importance of
multiple centrality
classes.

Probing the response
of cold nuclear
matter with
increased number of
collisions.

Propagation of
quarks through the
color field of a
nucleus.
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Centrality dependence of Cronin.

.3, PHENIXPRELIMINARY

Q Importance of n:u [ Rep 00-20%/60-88.5% d+Au s = 200 GeV ]
multiple centrality o5 [ B Kk E
classes. . E 5 Fnt:‘?usive Charged E

Q Probing the respon: 2 [ + T 1
of cold nuclear - [ + L4l
matter with s b 4 b ili A T 4
increased number c . & %@ %x; el v
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; e T TN = 6. S

Q Propagation of CUICE i
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color field of a ' 1 2 3
nucleus. p, (GeVic)
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Centrality dependence of Cronin.

5 ________PHENIX PRELIMINARY

Q Importance of & " Rep 00-20%/60-88.5%  d+Aus = 200 GeV
multiple centrality & a5 [ = KK [
ClaSSGS. . - O Fnc‘?usi\{e Charged =~ 5 =

Q Probing the respon: P T AccardiGyulassy miskTRROS2GVE 1 4
N 2 | 1

of cold nuclear - I + + L4l
matter with s [ £ é AL
increased number c L — & %h;;_ﬁ f) | A= SRR
collisions. R E Ssuk - HHH_E
Q Propagation of Cugcel .
quarks through the o5 F o ]
color field of a ' 1 2 3
nucleus. p, (GeVic)

Qualitative agreement with model by Accardi and Gyulassy.
Partonic Glauber-Eikonal approach:
sequential multiple partonic collisions. nucl-th/ 0308029
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Pion Rp from 3 ditferent detectors.
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PHENIX Preliminary
d+Au\s = 200 GeV

dCharged pions
from TOF. 14

dNeutral pions
from EMCAL. s

QCharged pions
from 02
RICH+EMCAL

H. Buesching: Centrality Dependence of Neutral Pion Production in d+Au collisions at 200 GeV
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J.Jia: High p; n* production and correlation in d+Au/p+p collisions at \s = 200 GeV
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Another Microscopic Mechanism:

Saturated Cronin or not ?

PHENIX PRELIMINARY
p+p {d"'.‘p"". s =|2D(I) Gnla\a'

Q A different approach to the

= B T T | T T T T | ]
. . (o] O ot [0.7-1.5] GeV

Cronnin effect: § 1L A Beo(0.7-1.5] Gevic _
.. = ® o [1.5-2.3] GeV =
QA Intrinsic momentum - - A pp[1.5-23]GeVic §
broadening in the excited 3 ]

. . — @) §] O
projectile proton: ;_: 10" L - _
© E A P A A E
(k7)pa = (kT)pp + C - hpa(b) . 2 :

E -2 L ] e ¢ ¢
Q h, ,: average number of 210 = N N P
collisions: = - L L | -

- 0 5 10 15
B VA (b) —1 L’A(b) < Unm NCO"

hya(b) = _ . :
v, —1  otherwise

X.N.Wang, Phys.Rev.C 61 (2000): no upper limit.

Zhang, Fai, Papp, Barnafoldi & Levai, Phys.Rev.C 65 (2002): n=4 due to proton
dissociation.
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Another Microscopic Mechanism:

Saturated Cronin or not ?

PHENIX PRELIMINARY
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Another Microscopic Mechanism:
Saturated Cronin or not ?

PHENIX PRELIMINARY
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Zhang, Fai, Papp, Barnafoldi & Levai, Phys.Rev.C 65 (2002): n=4 due to proton
dissociation.
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Summary

Q Properties of identified }]Jarticle roduction have been
1}:)resenteol for all available colliding systems at RHIC so
ar.

0 Antimatter to matter ratios are independent of colliding
systems and consistent with flat in pt at midrapidity.

Q Centrality, pt and species dependence of Cronin effect in
d+Au fully studied.

Q Cronin enhancement increases with centality,
quantitative constraints for theoretical models of
multiple scattering.

Q Proton Cronin higher than pions but can not explain
factor of 5 baryonic enhancement in central Au+Au.

Q d+Au looks very similar to peripheral Au+Au.
Q Initial state etfects in Au nuclei are established at y=0.

Q d+Au collisions strongly point towards interpreting
Au+Au phenomena as final-state within a dense
partonic medium.
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Number of collisions in d+Au.
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